The modem conception of asthma as a disease entity should rightly be attributed to Thomas Willis, in the later part of the 17th century. It was
he who described bronchiolar spasm during an asthmatic attack. At about the same time, an asthmatic of many years -Sir John Floyerpublished a small volume that went to several editions in three languages over the ensuing century, 'A Treatise of the Asthma' (Floyer 1698) . He subscribed to Willis's classification of two forms of the diseaseperiodic and continued.
From early times asthmatics have been said to have need of caution with their emotionsand with wrath in particular. But it was not until about a hundred years ago that Henry Hyde Salter (1860) promulgated the view that the disorder was basically a nervous one -'a particular form of perverted nervous action'. From about this time onwards, those who were wont to write on psychological matters became progressively keener to see in asthmatics all manner of specific psychological aberrance. This has even extended to promotion of the view that, were it not for their asthma, these patients would be psychotic; and that these two afflictions may escape coexistence by a sort of precarious alternation. More recent work has cast much doubt on such theories (Sabbath & Luce 1952 , Leigh & Doust 1953 , Green 1965 . Pedder (1969) has just re-examined the issueembracing all 'psychosomatic disorders' vis-a-vis psychosisand obtained results which indicated that such an association cannot be firmly discarded.
Up to the middle of the present century, however, virtually all the psychological descriptions of asthmatics as a group must be viewed with great caution. Put simply, their methodology was generally faulty, not least in the patientsampling techniques employed. Nowadays, it seems naive to stress the importance of never drawing conclusions about patients with a particular physical illness based on cases selected by some specific criterion, such as referral for psychiatric assistance. This error has been commonplace, especially in psychoanalytical writings (French & Alexander 1941) . Identical study of control subjects was a frequent omission prior to the 1950s; for attention to this, the work of Rees (1956) was an important milestone.
More recently, it has been shown that even cases sampled at random from hospital clinic lists can introduce bias into the findings. Ideally of course, one should set out from door to marketresearch-door, diagnosing, then sampling, amongst the population at large. This scarcely being feasible, family doctors are probably the best starting-point for securing representative samples (Leigh & Marley 1967) . But in a community like Edinburgh, where it is exceptional for diagnosed cases not to have attended a hospital clinic on at least one occasion, sampling from registers of diagnosed cases at hospital clinics should provide an acceptably valid cross-sectional population. Certainly, this case-register sampling has been shown in a pilot survey to yield importantly different results from studies on patients currently attendingsome frequentlya hospital outpatient clinic (Zealley 1971) .
The present investigation seeks to delineate those psychological characteristicsif anyheld in common by asthmatic adults in general: and in such a way that the findings can be compared with those obtained in two control groups, bipolar for neurotic psychopathology, one a normal group and the other a neurotic group, with clearly-stated operational definitions of both.
Two hypotheses were under test. First, that the prevalence of neurotic personality disorder in asthmatics does not differ from that found in the general population. Inherent in this view is that some asthmatics are less and others more neurotic than average. The second hypothesis is that the extent of neurotic personality disorder is unrelated to the severity of bronchial asthma. Should these hypotheses be confirmed, it would follow that some asthmatics can be distressed more by their neurotic personality disorder than by the nature of their pulmonary pathology.
Selection of Subjects
We were fortunate to have available at one hospital in Edinburgh a register of about 1,500 asthmatic patients. From this we selected 48 patients at random. In addition, we selected at random 10 patients from the registers of two other hospitals; another 10 cases, who had never attended hospital for treatment, were included with the co-operation of their general practitioners.
The majority of the asthmatics were matched as closely as possible for age, sex and social class either with a normal person, nominated by an acquaintance, or with a patient who had been treated in a psychiatric hospital and who was currently attending as an outpatient with neurotic personality disorder characterized by mood disturbance. Hence there were two control groups normal and neurotic: each contained 22 subjects.
The age range of the asthmatics was 18 to 58 years, with a mean of 38 years. Two-thirds were female.
Method of Investigation
This was deliberately designed to be comprehensive. Information was obtained on both personality and asthma during extensive clinical interviews, by psychometric tests, and by psychophysiological examination. For each part of the tripartite evaluation, some information was available on the reliability of the method. Further details of the methodology have been reported previously (Aitken et al. 1969) .
RESULTS

Assessment of Personality Traits
Two raters independently assigned a severity score of 0, 1 or 2 to each subject with respect to fifteen personality traits. The proportion of subjects who were assigned the same severity score by the two raters ranged from 59% (for 'hostile') to 88 % (for 'cyclothymic'). In terms of six traits, the neurotic and normal groups did not differ significantly in distributions of scores assigned: these traits were cyclothymic, paranoid, schizoid, timid, solitary and submissive. For the other nine traits, the proportions given scores either of 2 + 1 or 2+2 (by the two raters) are shown in Fig 1. They are listed in order of descending reliability, within the range mentioned above.
Only for 'under-confident' was the proportion for the asthmatic group significantly greater than for the normal group (X2=8-0; d.f.=1; P< 0 025). Nevertheless, more than one in six of the asthmatics were considered by at least one rater to be markedly obsessional, sensitive, anxious or hostile as well as under-confident. Caine et al. 1967) . The mean TMAS, EPI 'N' and HDHQ scores for the neurotic group were significantly higher than for the normal group. There were no significant differences between groups for the EPI 'E' and 'L' scores.
Psychometric Tests
The means of the asthmatics were significantly higher than of the normals for TMAS, EPI 'N' and HDHQ 'total' scores. Only for the EPI 'N' score was the mean higher than the figure for the general population published in the test manual. Though this was statistically significant (P < 0-001), the means differed by less than three questions out of the 24 'neuroticism' questions asked in the EPI (Form A).
For TMAS, EPI 'N' and HDHQ 'direction' scores, the means ofthe normals were significantly lower than those published for samples of the general population. From this we concluded that our normals were super-normal: this was, however, to be expected since they were deliberately selected as being psychiatrically healthy people. We also noted that the distributions of scores from the asthmatics were like those obtained from samples of the general population on five of the six scales in the three tests.
Hidden in this summary of findings is the important observation that there were some asthmatics whose psychometric test scores were as abnormally high as the highest-scoring neurotic controls. Though the groups could be shown to have differed significantly, there was considerable overlap in individual scores on all scales. A discriminant function analysis was carried out between the normal and neurotic groups, using scores on the four psychometric tests whose group means differed significantly. Similar composite scores were then calculated for each asthmatic: these scores are plotted in Fig 2 along with those obtained from the control groups. A striking feature is the spread of the scores, signifying that the asthmatics were a heterogeneous group in terms of liability to neurotic dysfunction.
Psychophysiological Examination
Cardiorespiratory functions were examined, generally on two occasions, both when breathing against minimal resistance and when exhaling against pressure loading applied in an external airway. For respiration rate there were no significant differences between the asthmatics and the control groups.
The neurotics breathed a mean of 8-0 1/min, which was 1 8 1/min more than the normals (P<0 02). The mean heart rate of the neurotics was 89 beats/min which was 12 beats/min faster than the normals (P<0-02). In neither function did the asthmatics differ significantly from the normal controls, though their mean ventilation volume was 0 9 1/min higher and the mean heart rate 2 beats/min faster.
For these measures, the ranges of values were large, with readings up to 16 1/min and 128 beats/min. These were similar extremes to those found in the neurotics. The normals did not exceed 10 1/min or 105 beats/min.
For each group and for each function, there were highly significant positive correlations between measurements obtained at the beginning and end of each occasion; and between those recorded on the different occasions. The only exception was for ventilation volume; for the asthmatics, the measurements obtained at the beginning of the two occasions correlated poorly (0 14). This contrasted with the good interoccasion correlation recorded at the ends of the two sessions (0 5 1). Inspection of the data showed that the low correlation resulted from hyperventilation by a few subjects at the start of the first recording occasion only.
Expiratory pressure loading to 8 cmH,O produced hyperventilation of about 2 5 1/min for all groups. Thus the asthmatics' response to this stimulus was no different from that of nonasthmatic people.
Relationship between Extent ofPersonality Disorder and Severity of Bronchial Asthma
An inherent difficulty in the assessment of both personality disorder and bronchial asthma is that neither has an absolute index of severity. A patient may have asthma attacks only rarely, but punctuated by episodes of status asthmaticus, in which acute anxiety is aroused in both the patient and his relatives. Another patient may suffer from persistent wheeze which limits his behaviour to the continuing frustration of both himself and his family. Inevitably, therefore, any index of severity must be arbitrary.
Both in this matter, and in the grading of neurotic disturbance, we examined many manifestations of these conditions which we regarded as related to seriousness. Table 1 displays the effect on the mean TMAS score of the presence or absence of certain features in the medical history. Age of onset and duration of illness appeared not to influence TMAS scores, while a positive family history was associated with less anxiety. Two-thirds acknowledged that attacks could be precipitated by emotional disturbance, and they tended to be those people who were more prone to anxiety. A larger proportion of patients acknowledged that attacks could be precipitated by respiratory infection, and they too seemed more anxiety-prone. The influence of allergy seemed to be unimportant with respect to this dimension of personality. The last three features listed in Table 1 could be considered criteria of asthma severitythough even they could have resulted from psychopathology. The patients were placed in four groups: mild cases to whom none of these criteria applied (27 %), and more severe cases to whom one (27 %), two (27%) or all three (19%) features were applicable. The distributions of 'neuroticism' discriminant function scores were examined amongst these four groups, and from inspection it was quite clear that there was no association; the correlation coefficient was -007, which is clearly non-significant. Hence there was no evidence to support the view that proneness to neurotic personality disorder (as designated by these psychometric test scores) was related to severity of asthma (rated arbitrarily as described above).
DISCUSSION
In this investigation we have examined psychopathology as it may be revealed from three quite distinct viewpointspersonality traits observed at interview, psychometric tests and cardiopulmonary function; and in identical fashion we have examined matched control groups, bipolar for the dimension under study, namely proneness to neurotic disorder. Both the null hypotheses stated in the introduction have been confirmedexcept for one isolated finding for the random asthmatics a higher mean score on the EPI 'N' scale (statistically significant but clinically slight). Closer inspection suggested that only women with mild asthma (not requiring treatment with prednisolone) had contributed to this result.
In view of previous discussions with colleagues we wonder what will be the response of physicians and psychiatrists to these findings. We expect that some will consider that the right questions were not asked, wanting to know more about dynamic factors in the patients' personality structures. We would welcome such research, and would gladly have incorporated any relevant ideas in our study. But these ideas must be amenable to two criteria which we have applied to our data. First, the method of assessment must be known to be consistent; that is, reliable, homogeneous and transferable when used by different observers. Second, the scores obtained must be known to be valid: they must reflect what they claim to estimate, with abnormal scores obtainable from groups (and preferably from individuals) with the relevant psychopathology. Such research must also be impeccable from the point of view of sampling methodology referred to in the introduction. We expect that another response to these findings will be that they were not unexpected. But we wonder if the full implications of this have been appreciated, in view of the wide range of severity of both personality and cardiorespiratory dysfunction which we found in the asthmatic patients. Clearly some asthmatics were almost as neurotic as the control subjects selected specifically for that criterion; and the asthmatics had the additional burden of a disabling and frightening symptomatology.
It is easy to understand how proneness to neurotic disorder will influence behavioural reaction to asthma, with its uncertain duration and severity of attack. Under-confident, unstable, hysterical, dependent, anxious, obsessional, sensitive and hostile traits are associated with feelings of insecurity, and some with immaturity of personality development. A person with a variety of such traits will tend to ruminate about his distress, be especially sensitive to the onset of minimal dyspncea, and fail to habituate to the initial emotional excitation which accompanies this onset. He may seek reassurance, and make excessive demands on his relatives and clinicians if that plea remains unsatisfied: his interpersonal relationships may well be disturbed. Such a person is in need of help for both his psychopathology and his pulmonary pathology. Psychosomatic medicine seems to have been preoccupied for too long with fanciful speculations on the etiology of the disease. There is no good reason to neglect the contribution that either type of abnormality may make to the patient's distress, both psychic and physical. In Alzheimer's disease, a major cause of presenile dementia, the most striking histological lesions are the presence of argyrophilic plaques and neurofibrillary tangles in many parts of the cerebral cortex, and a variable loss of neurones.
Recent ultrastructural studies of cortical biopsies by Kidd (1964) , Terry and Gonatas (for reviews see Terry & Wisniewski 1970, Gonatas & Gambetti 1970) have shown that plaques consist of small groups of degenerating terminal dendrites which contain close-packed bundles of abnormal microtubules, about 22 nm in diameter. Extracellular amyloid fibrils are found in all but the very smallest plaques, and the various types of 'primitive' and 'mature' plaques classically described seem to represent the light microscope equivalents of evolving lesions, which contain larger central cores of amyloid and progressively fewer neurites as the latter degenerate and eventually disappear. Neurofibrillary tangles consist of masses of similar-appearing abnormal 22 nm twisted microtubules which fill a large part of the cell body of an affected neurone. Electron microscopy has shown significant differences between the plaques and tangles of Alzheimer's disease and those found in some (though not all) of the other disorders with which they are sometimes associated by light microscopy (Hirano 1970) .
It has proved difficult to correlate the occurrence of these lesions with the intellectual and neurological disorders observed in patients suffering from Alzheimer's disease (Grunthal 1926 , Corsellis 1962 , Tomlinson et al. 1970 , Dayan 1970b . Plaques and tangles are readily visible and have therefore been extensively studied, although it seems likely that a change of greater pathogenetic significance is the more subtle and less readily detected impoverishment of neuronal connectivity due to degeneration of dendrites, or the actual loss of neurones. There is
